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Description 

This invention relates to a transparent glass pane 
having a reflectance reducing coating which is a lam- 
inate of a plurality of oxide films. In particular the 
glass pane is to be used as a vehicular window glass 
that is installed in an inclined position as in the case 
of a current automobile windshield, and the coating is 
for reducing reflectance of visible light obliquely inci- 
dent on the coated side of the glass pane. 

There are various proposals of antiref lection 
coatings for preventing or reducing the reflecion of 
visible light from vehicular window glasses or wind- 
shields. 

As a coating for the antireflection purpose it is 
known to use a fluoride film and/or a laminate of a 
plurality of transparent oxide films which have differ- 
ent refractive indices. For example, JP 61-189501 A 
(1 986) shows a three-layer coating made up of a first 
layer which is in contact with the glass surface and 
formed of Al 2 0 3 or CeF 3 having a refractive index of 
1 .60-1.80, a second layer formed of a Zr0 2 /Ti0 2 mix- 
ture having a refractive index of 1.95-2.15 and a third 
layer which is formed of MgF 2 and has a refractive in- 
dex of 1 .30-1 .45. JP 64-70701 A (1 989) shows an an- 
tireflection three-layer coating which is electrically 
conductive and consists of a metal film coated on the 
glass surface as the first layer, a second layer which 
is a metal oxide film having a refractive index of 1 .90- 
2.50 such as a Ti0 2 film and a third layer which has 
a refractive index of 1.35-1 .50 and is formed of either 
Si0 2 or MgF 2 . As a modified way of using a fluoride, 
JP 3-17601 A (1991) proposes to form an antireflec- 
tion coating by applying a solution of a metal oxide 
precursor such as a silicon alkoxide to a glass sur- 
face, heating the sol film on the glass surface to con- 
vert it into a gel film and further heating the gel film 
in a fluorine containing atmosphere to thereby form a 
metal oxide film containing fluoride of the metal. 

However, for vehicular window glasses, fluoride 
containing coatings are generally insufficient in dur- 
ability, and the use of fluorine or a fluoride often of- 
fers inconvenience to the industrial manufacturing 
operations. 

Besides, in the present invention an important 
matter of concern is the angle of incidence of visible 
light on a glass pane. In devising conventional anti- 
reflection coatings, attention is mostly paid to the re- 
flection of perpendicularly or nearly perpendicularly 
incident light. However, in general the reflection re- 
ducing effect of a coating depends on the angle of in- 
cidence and greatly lowers when incident light makes 
an angle larger than about 50 degrees with the normal 
to the coated glass surface. 

In the current automobiles, by way of example, it 
is prevailing to install the windshield in a steeply in- 
clined position, and hence it is not rarely that the driv- 
er is irritated by the reflection of the dashboard in the 



windshield. Such a reflection phenomenon is unfav- 
orable for the safety of driving. 

It is an object of the present invention to provide 
a transparent glass pane as defined in claim 1, this 

5 pane has a reflectance reducing coating which is 
good in transparency and sufficiently high in durabil- 
ity for use in automobiles or other vehicles and has 
the ability to adequately reduce the reflection of visi- 
ble light obliquely incident on the coated side of the 

w glass pane. 

The present invention provides a coated glass 
pane comprising a transparent glass substrate and a 
reflectance reducing coating formed on a major sur- 
face of the glass pane, the reflectance reducing coat- 

15 ing comprising a first layer which is a transparent ox- 
ide film in direct contact with the major surface of the 
glass substrate and has a thickness of 70-1 00 nm and 
a refractive index in the range from 1.80 to 1.90, and 
a second layer which is a transparent oxide film 

20 formed on the first layer and has a thickness of 110- 
130 nm and a refractive index in the range from 1.40 
to 1.50. The reflectance reducing coating is con- 
structed such that, with respect to visible light incident 
on the coating from the coated side of the glass pane 

25 at an incidence angle in the range from 50 to 70 de- 
grees, the reflectance of the coated glass pane is low- 
er than the reflectance of the glass substrate without 
coating by 4.5 to 6.5%. 

The two-layer coating according to the invention 

30 is simple in construction and uses no fluoride. For 
visible light the transmittance of this coating can be 
made 70% or above. The coating itself is colorless or 
almost colorless. Therefore, when the coated glass 
pane is used as a vehicular windshield or window 

35 glass the coating does not give an unpleasant or 
strange impression to persons on or outside the ve- 
hicle. The glass substrate may use a color glass sheet 
and may be a laminated glass pane. 

In the present invention particular attention is 

40 paid to the incidence of visible light from the coated 
side of the glass pane at an angle of 50-70° with a nor- 
mal to the glass pane. This is in consideration of a fact 
that in many of the current automobiles the windshield 
makes an angle of about 40-20° with a horizontal 

45 plane so that light emitted from the dashboard is li- 
able to impinge on the inside of the windshield at an 
incidence angle of about 50-70°. Since the coating ac- 
cording to the intention reduces the reflectance of the 
windshield for such obliquely incident visible light by 

so 4.5-6.5%, the reflection of the dashboard in the wind- 
shield becomes almost inappreciable to the driver or 
the occupant of the next seat This is very favorable 
for the safety of driving and also for the comfort of the 
passengers. In the current automobiles the dash- 

55 board usually has a blackish or very dark color some- 
times with embossing finish. When the present inven- 
tion is used in an automobile windshield it will be free 
to give a light color to the dashboard, and a widened 
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selection of the dashboard finishing material will be 
possible. 

The present invention includes modifying the 
above described two-layer coating to a three-layer 
coating by interposing another transparent oxide film, 5 
which has a thickness of 130-160 nm and a refractive 
index in the range from 2.05 to 2.30, between the first 
and second layers of the two-layer coating. 

The three-layer coating according to the inven- 
tion is nearly equivalent to the two-layer coating in 10 
both the transmittance for visible light and the ability 
to reduce the reflection of obliquely incident visible 
light, and the three-layer coating is superior to the 
two-layer coating in the ability to reduce the reflection 
of perpendicularly or nearly perpendicularly incident 15 
light. 

In the accompanying drawings: 
Fig. 1 is a fragmentary and explanatorily en- 
larged sectional view of a laminated glass pane 
having a two- layer coating according to the in- 20 
vention; and 

Fig. 2 is a similar sectional view of a laminated 
glass pane having a three-layer coating accord- 
ing to the invention. 

Fig. 1 shows a reflectance reducing coating 20 25 
according to the invention on a laminated glass pane 
10 which is made by sandwiching a transparent plas- 
tic interlayer 16 between two transparent glass 
sheets 12 and 14. The coating 20 is also transparent. 
Assuming that the laminated glass pane 10 is an au- 30 
tomo-bile windshield, the coating 20 is formed on the 
inboard side of the windshield. 

The laminated glass pane 10 in Fig. 1 is merely 
by way of example. Alternatively a pane of a glass 
sheet can be employed, and it is also optional to apply 35 
this invention to an insulated glass panel. This inven- 
tion is always applied to a transparent glass pane, but 
the glass pane is not necessarily colorless. The glass 
pane may use a color glass such as, for example, blu- 
ish, greenish, grayish, bronzy orgolden glass, and the 40 
color glass may be an ultraviolet and/or infrared ab- 
sorbing glass. It is optional to use a tempered or partly 
tempered glass sheet. It is also possible to use an or- 
ganic glass. Irrespective of the type of the glass, eith- 
er a flat glass pane or a curved glass pane can be 45 
used. Besides the coating 20 according to the inven- 
tion, another coating (not shown) may optionally be 
formed on the opposite side of the glass pane 10. 

The reflectance reducing coating 20 is made up 
of a first oxide layer 22 formed directly on the surface so 
of the glass sheet 14 and a second oxide layer 24 laid 
on the first layer 22. The first oxide layer 22 is 70 to 
100 nm in thickness and has a refractive index in the 
range from 1.80 to 1.90. The second oxide layer 24 
is 110 to 130 nm in thickness and has a refractive in- 55 
dex in the range from 1 .40 to 1 .50. With such specific 
and strict limitations on the thicknesses and ref ractiv- 
ities of the respective layers 22, 24 the two-layer 



coating 20 can adequately reduce reflectance of visi- 
ble light rays that are obliquely incident on the coating 
side of the coated glass pane 10. With this coating 20 
the glass pane is sufficiently high, i.e. at least 70%, 
in transmittance for visible light In the following de- 
scription the term "light" refers to visible light unless 
noted otherwise. 

In Fig. 1, line 26 is a normal to the glass pane 10 
having the coating 20. The matter of particular con- 
cern is the reflection of light incident on the coated 
side of the glass pane 1 0 at an angle (9) ranging from 
50° to 70°. If the glass pane 10 makes an angle of 
about 30° with a horizontal plane and if the angle of 
incidence 9 of incident light 28 is about 60° the direc- 
tion of reflected light 30 becomes nearly horizontal. 
When the inclined glass pane 10 is an automobile 
windshield the obliquely incident light 28 originates 
from the dashboard, and the nearly horizontal prop- 
agation of the reflected light 30 means that the reflec- 
tion of the dashboard in the windshield comes into the 
view of the driver or the occupant of the next seat. 
When the angle of incidence 9 is in the range from 50° 
to 70° the coating 20 serves the purpose of reducing 
reflectance to such an extent that the reflectance of 
the coated glass pane is lower than that of the glass 
pane 10 itself (without coating) by 4.5-6.5%. By such 
a reduction in the reflectance the reflection of the 
dashboard in the windshield becomes almost inap- 
preciable to the driver and the occupant of the next 
seat. With this coating 20 the amount of reduction in 
the reflectance depends on the angle 9 of incident 
light 28 and gradually increases as the angle 9 be- 
comes greater. 

As to the material of the first layer 22 of the coat- 
ing 20, it is suitable to use a mixed oxide which is a 
combination of at least one of Ti0 2 and Zr0 2 , which 
are relatively high in refractivity, and at least one of 
Si0 2 , Al 2 0 3 and B 2 0 3 which are relatively low in re- 
fractivity. Ti0 2 has a refractive index of about 2.25, 
and Zr0 2 about 1.95. Si0 2 has a retractive index of 
about 1.45, Al 2 0 3 about 1.65 and B 2 0 3 about 1.60. 
Therefore, it is easy to choose a combination suitable 
for forming a mixed oxide film having a refractive in- 
dex in the range from 1.80 to 1.90, and in almost ev- 
ery case the mixed oxide film is very good in durabil- 
ity. Preferablythe first layer 22 is formed of a mixed 
oxide of Ti0 2 and Si0 2 , and in this case it is suitable 
that the molar ratio of Ti0 2 to Si0 2 is in the range from 
55:45 to 62:38. This combination is the best in respect 
of the reflectance reducing effect of the coating 20 
and provides a film excellent in durability. Further- 
more, in forming the film 22 by the sol-gel process us- 
ing an alkoxide solution it is easy to prepare a stable 
and easily applicable solution of a titanium alkoxide 
and a silicon alkoxide, and hence a uniform film can 
easily be formed. 

As to the second layer 24 of the coating 20 it is 
preferred to employ Si0 2 as the sole material of this 
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layer in view of the value of refractive index and the 
ease of forming into a uniform and durable film. 

Fig. 2 shows another reflectance reducing coat- 
ing 20A according to the invention on a laminated 
glass pane 10. This coating 20A is made up of three 
oxide layers 22, 23 and 24. The first oxide layer 22, 
which is formed directly on the glass sheet 14 of the 
glass pane 10, is 70-100 nm in thickness and has a 
refractive index in the range from 1.80 to 1.90. The 
second oxide layer 23, which is the middle layer, is 
1 30-160 nm in thickness and has a refractive index in 
the range from 2.05 to 2.30. The third oxide layer 24, 
which is the outermost layer, is 110-130 nm in thick- 
ness and has a refractive index in the range from 1 .40 
to 1.50. 

In the three-layer coating 20A in Fig. 2 the first 
layer 22 is identical with the first layer 22 of the two- 
layer coating 20 in Fig. 1 , and the third layer 24 of the 
three-layer coating 20A is identical with the second 
layer 24 of the two-layer coating 20, That is, the con- 
struction of the three-layer coating 20A can be re- 
garded as the addition of the intermediate layer 23 to 
the two-layer coating 20 of Fig. 1 . With respect to ob- 
liquely incident light 28 at an angle 6 ranging from 50° 
to 70° with the normal, the reflectance reducing per- 
formance of the three-layer coating 20A is nearly 
equivalent to that of the two-layer coating 20. How- 
ever, the incorporation of the intermediate layer 23 
has the effect of reducing the reflectance of light in- 
cident normal or nearly normal to the coating 20A 
and, besides, reducing the reflectance of light reflect- 
ed at an angle smaller than the angle of incidence. 
With the three-layer coating 20A the visible light 
transmittance of the glass pane is still 70% or above. 

In the three-layer coating 20A, it is suitable that 
the first layer 22 is formed of a mixed oxide of at least 
one of Ti0 2 and Zr0 2 and at least one of Si0 2 , Al 2 0 3 
and B 2 0 3 , and it is preferred to employ Ti0 2 -Si0 2 
mixed oxide in which the molar ratio of Ti0 2 to Si0 2 is 
in the range from 55:45 to 62:38. The reasons are as 
described with respect to the first layer 22 of the two- 
layer coating 20. It is preferred to use Si0 2 as the ma- 
terial of the third layer 24 similarly to the second layer 
24 of the two-layer coating 20. 

As the material of the second or middle layer 23, 
it is suitable to use Ta 2 0 5 (refractive index: about 
2.05) or Ti0 2 , or a combination of Ta 2 0 5 and Ti0 2 , or 
a combination of at least one of Ta 2 0 5 and Ti0 2 and 
at least one of Si0 2) Zr0 2 , Al 2 0 3 and B 2 0 3 . By any of 
these options the second layer 23 becomes good in 
adhesion to the first and third layers 22 and 24, and 
the three-layer coating 20A becomes very good in 
durability. By using a combination of at least two 
kinds of metal oxides different in ref ractivity it is easy 
to desirably adjust the refractive index of the second 
layer 23. 

Usually it is favorable to form each layer of a two- 
or three-layer coating according to the invention by 



the sol-gel process using an alkoxide solution. 

The following nonlimitative examples are illustra- 
tive of the present invention. 

5 EXAMPLE 1 

This example relates to a two-layer coating ac- 
cording to the invention on a laminated glass pane to 
be used as an automobile windshield. In advance of 

10 producing the laminated glass pane 10 shown in Fig. 
1 , the coating 20 was formed on the transparent glass 
sheet 14 which becomes the inside of the windshield. 

A mixed alkoxide solution was prepared by mix- 
ing titanium methoxide and silicon methoxide in the 

15 proportion of 58 to 42 by mol and dissolving the mix- 
ture in i so propyl alcohol. In the solution the concen- 
tration of the total methoxide was adjusted to about 
0.45 mol /I, and the viscosity of the solution was ad- 
justed to about 2. 1 0" 3 -^9- (2 cP). The outside surface 

20 m.s 

of the glass sheet 14 was covered with masking tape, 
and the glass sheet 14 was immersed in the mixed 
alkoxide solution and drawn up from the solution at a 
rate of about 3 mm/sec. Then the masking tape was 

25 removed, and the glass sheet 1 4 was heated at a tem- 
perature of about 270°C for about 1 0 min to thereby 
convert the mixed alkoxide sol film on the inside sur- 
face into a gel film. After that the uncoated outside of 
the glass sheet 14 was again covered with masking 

30 tape, and the glass sheet 14 was immersed in an al- 
cohol solution of silicon methoxide. The concentra- 
tion of this solution was about 0.25 mol/ 1, and the vis- 
cosity was about 7.1 0- 3 (7 cP). The glass sheet 
m.s 

35 14 was drawn up from the solution at a rate of about 
4 mm/sec. Then the masking tape was removed, and 
the glass sheet 14 was heated at a temperature of 
about 270°C for about 10 min to thereby convert the 
silicon alkoxide sol film on the precedingly gelled film 

40 into a gel film. After that the glass sheet 14 was 
placed in a furnace and bent into a predetermined 
curved shape at a temperature of about 620°C. By 
this heating for bending, the laminate of two gel films 
on the inside of the glass sheet 14 turned into a lam- 

45 inate of two dense and hard oxide films, viz. the first 
and second oxide layers 22 and 24 in Fig. 1. By the 
usual laminating operation using a polyvinyl butyral 
film as the interlayer 16, the coated and bent glass 
sheet 14 was laminated with another transparent and 

so similarly bent glass sheet (1 2) to obtain the laminated 
glass pane 10 having the two-layer coating 20. 

In this example the first layer 22 of the two-layer 
coating 20 was a TiO r Si0 2 mixed oxide film which 
was about 82 nm in thickness and had a refractive in- 

55 dex of 1.85. The second layer 24 was a Si0 2 film 
which was about 124 nm in thickness and had a re- 
fractive index of 1.45. With respect to the reflection 
of visible light incident on the coating side of the coat- 
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ed glass pane 1 0 at an angle 9 of 65° with the normal, 
this coating 20 proved to be capable of reducing the 
reflectance by about 6%. That is, without the coating 
20 the reflectance of the glass pane 10 was about 
21.7%, and with the coating 20 the reflectance be- 5 
came about 15.7%. 

EXAMPLE 2 

The process of Example 1 was modified only in 10 
respect of the mixed oxide composition of the first lay- 
er 22 of the coating 20. 

In this example zirconium methoxide and silicon 
methoxide were mixed in the proportion of 90 to 10 by 
mol, and the mixture was dissolved in a mixed solvent 1 5 
which was prepared by first mixing 1 part by volume 
of n-butanol with 1 part by volume of isopropanol and 
then mixing 2 parts by volume of the mixed alcohol 
with 1 part by volume of ethyl cellosolve (ethylen gly- 
col monoethyi ether). In the solution the concentra- 20 
tion of the total alkoxide was adjusted to about 0.4 
mol/l. A very small amount of 0.2 N aqueous solution 
of nitric acid was added, and the solution was stirred 
to obtain a uniformly mixed alkoxide solution having 

a viscosity of about 3.1 0- 3 -^fl- (3 cP). Using this sol- 25 
m.s 

ution at the first stage, the two-stage coating and 
heating process of Example 1 was repeated. After 
that the heat bending of the glass sheets 12, 14 and 
the lamination of the bent glass sheets were carried 30 
out in the same manner as in Example 1. 

In the two-layer coating 20 of this example the 
first layer 22 was a Zr0 2 -Si0 2 mixed oxide film which 
was about 81 nm in thickness and had a refractive in- 
dex of 1 .90. The second layer 24 was a Si0 2 film 35 
which was about 120 nm in thickness and had a re- 
fractive index of 1.45. The coating 20 was very hard 
and excellent in chemical resistance. With respect to 
the reflection of visible light incident on the inside of 
the laminated glass pane 10 at an angle 9 of 61° with 40 
the normal, the reflectance of the coated glass pane 
was about 12.7%. Without the coating the reflectance 
of the glass pane 10 was about 17.6%. That is, with 
the coating 20 the reflectance was reduced by about 
5%. 45 

COMPARATIVE EXAMPLE 1 

A conventional low reflection coating for eye 
glasses was made on the laminated glass pane 10 50 
employed in the above examples. That is, a film of 
MgF 2 having a thickness of about 130 nm was formed 
by a PVD method on the inside glass sheet 14 of the 
laminated glass pane 10. The MgF 2 had a refractive 
index of about 1.38. 55 

On the MgF 2 coating side of the coated glass 
pane, when the angle of incidence 9 of visible light 
was 65° the reflectance was about 17.9%. Since the 



reflectance of the uncoated glass pane 10 was about 
21.7%, the MgF 2 coating reduced the reflectance by 
only about 3.8%. The MgF 2 coating was inferior in dur- 
ability to the oxide coatings of Examples 1 and 2. 

COMPARATIVE EXAMPLE 2 

Atwo-layer coating was made on the inside glass 
sheet 14 of the laminated glass pane 10 employed in 
Examples 1 and 2, First, a Ti0 2 -Si0 2 mixed oxide film 
was formed on the glass sheet 14 by a sputtering 
method. The mixed oxide film was about 20 nm in 
thickness and had a refractive index of about 1 .90. 
Next, a MgF 2 film was formed on the Ti0 2 -Si0 2 film. 
The MgF 2 film was about 1 20 nm in thickness and had 
a refractive index of about 1.39. On the coating side 
of the coated glass pane, when the angle of incidence 
9 of visible light was 61° the reflectance was about 
14.4%. Since the reflectance of the uncoated glass 
pane 10 was about 17.6%, the two-layer coating re- 
duced the reflectance by only about 3.2%. This two- 
layer coating was inferior in durability to the oxide 
coatings of Examples 1 and 2. 

EXAMPLE 3 

This example relates to a three-layer coating ac- 
cording to the invention on a laminated glass pane to 
be used as an automobile windshield. In advance of 
producing the laminated glass pane 10 shown in Fig. 
2, the three-layer coating 20A was formed on the 
glass sheet 14 which becomes the inside of the wind- 
shield. 

A mixed alkoxide solution was prepared by mix- 
ing titanium methoxide and silicon methoxide in the 
proportion of 58 to 42 by mol and dissolving the mix- 
ture in isopropyl alcohol. In the solution the concen- 
tration of the total methoxide was adjusted to about 
0.45 mol/l, and the viscosity of the solution was ad- 
justed to about ZIO- 3 -^- (2 Cp). The glass sheet 14 
m.s 

was transparent and colorless and had a thickness of 
2 mm. The outside surface of the glass sheet 14 was 
covered with masking tape, and the glass sheet 14 
was immersed in the mixed alkoxide solution and 
drawn up from the solution at a rate of about 3.5 
mm/sec. Then the masking tape was removed, and 
the glass sheet 14 was heated at a temperature of 
about 270°C for about 10 min to thereby convert the 
mixed alkoxide sol film on the inside surface into a gel 
film. After that the uncoated outside of the glass 
sheet 14 was again covered with masking tape, and 
the glass sheet was immersed in an alcohol solution 
of titanium methoxide. The concen-tration of this sol- 
ution was about 0.5 mol/l, and the viscosity was about 

2.1 Or 3 (2 cP). The glass sheet was drawn up from 
m.s 

the titanium methoxide solution at a rate of about 7 
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mm/sec and, after removing the masking tape, heat- 
ed at a temperature of about 270°C for about 10 min 
to thereby convert the titanium methoxide sol film on 
the precedingly gelled film into a gel film. After that 
the un coated outside of the glass sheet 14 was again 5 
covered with masking tape, and the glass sheet was 
immersed in an alcohol solution of silicon methoxide. 
The concentration of this solution was about 0.25 

mol/l, and the viscosity was about 7.1 Or 3 (7 cP). 

7 m.s 10 

The glass sheet was drawn up from the silicon meth- 
oxide solution at a rate of about 4 mm/sec and, after 
removing the masking tape, heated at a temperature 
of about 270°C for about 1 0 min to thereby convert the 
silicon methoxide sol film into a gel film. After that the 15 
glass sheet 14 was placed in a furnace and bent into 
a predetermined curved shape at a temperature of 
about 620°C. By this heating for bending, the laminate 
of three gel films on the inside of the glass sheet 14 
turned into a laminate of three dense and hard oxide 20 
films, viz. the first, second and third layers 22, 23, 24 
in Fig. 2. By the usual laminating operation using a 
polyvinyl butyral film (16) the coated and bent glass 
sheet 14 was lamiated with another similarly bent 
glass sheet (1 2) to obtain the laminated glass pane 10 25 
having the three-layer coating 20A. The outside glass 
sheet 12 was a transparent and bronzy glass sheet 
having a thickness of 2.3 mm. 

In this example the first layer 22 of the three-layer 
coating 20A was a Ti0 2 -Si0 2 mixed oxide film which 30 
was about 90 nm in thickness and had a refractive in- 
dex of 1 .85. The second or middle layer 23 was a Ti0 2 
film which was about 160 nm in thickness and had a 
refractive index of 2.20. The third layer 24 was a Si0 2 
film which was about 120 nm in thickness and had a 35 
refractive index of 1.45. With respect to the reflection 
of visible light obliquely incident on the coating side of 
the coated glass pane, the three-layer coating 20 A of 
this example proved to be capable of reducing the re- 
flectance by about 5.5% when the angle of incidence 40 
9 was about 60°. 

EXAMPLE 4 

The process of Example 3 was modified only in 45 
the following points. 

The inside glass sheet 14 of the laminated glass 
pane 10 was a transparent and bronzy color glass 
sheet having a thickness of 2 mm. The outside glass 
sheet 12 was a transparent and colorless glass sheet 50 
having a thickness of 2 mm. 

To form the first layer 22 of the three-layer coat- 
ing 20A, a mixed solution of zirconium methoxide and 
silicon methoxide was used. The molar ratio of zirco- 
nium methoxide to silicon methoxide was 85 to 15. 55 
The solvent was the same mixture of n-butanol, iso- 
propanol and ethyl cellosolve as in Example 22. In the 
solution the cocentration of the total methoxide was 



about 0.4 mol/l. Avery small amount of 0.2 N aqueous 
solution of nitric acid was added, and the solution was 
stirred to obtain a uniform solution having a viscosity 

of about 3.1CH-^- (3 cP). With masking tape on the 
m.s 

outside surface, the glass sheet 14 was immersed in 
this solution and drawn up from the solution at a rate 
of about 2.5 mm/sec. After that the operations in Ex- 
ample 3 were repeated. 

In the three-layer coating 20Aof this example the 
first layer 22 was a ZiO 2 -Si0 2 mixed oxide film which 
was about 85 nm in thickness and had a refractive in- 
dex of 1.85. The second layer 23 was a Ti0 2 film 
which was about 140 nm in thickness and had a re- 
fractive index of 2.25. The third layer 24 was a Si0 2 
film which was about 125 nm in thickness and had a 
refractive index of 1.45. This coating 20A was very 
hard and excellent in chemical resistance. With re- 
spect to the reflection of visible light incident on the 
coating side of the coated glass pane 10 at an inci- 
dence angle 9 of about 65°, the three-layer coating 
20A proved to be capable of reducing the reflectance 
by about 6.5%. 

COMPARATIVE EXAMPLE 3 

A three-layer oxide coating not in accordance 
with the present invention was formed by sputtering 
operations on the inside glass sheet 14 of the lamin- 
ated glass pane 10 employed in Example 3. 

In the three-layer coating the first layer on the 
surface of the glass sheet 14 was a Ti0 2 -Si0 2 mixed 
oxide film which had a thickness of about 65 nm and 
a refractive index of about 1 .85. The second or middle 
layer was a Ti0 2 film which had a thickness of about 
60 nm and a refractive index of about 2.05. The third 
layer was a Si0 2 film which had a thickness of about 
96 nm and a refractive index of about 1 .45. With re- 
spect to the reflection of visible light incident on the 
coating side of the coated glass pane at an incidence 
angle 0 of about 60°, this three-layer coating reduced 
the reflectance by only about 3.8%. 

COMPARATIVE EXAMPLE 4 

Another three-layer coating not in accordance 
with the invention was formed by vacuum deposition 
operations on the inside glass sheet 14 of the lamin- 
ated glass pane 10 employed in Example 4. 

In this three-layer coating the first layer on the 
surface of the glass sheet 14 was a ZrO 2 -Si0 2 mixed 
oxide film which had a thickness of about 81 nm and 
a refractive index of about 1 .70. The second or middle 
layer was a Ti0 2 -Si0 2 mixed oxide film which had a 
thickness of about 134 nm and a refractive index of 
about 2.05. The third layer was a MgF 2 f ilm which had 
a thickness of about 100 nm and a refractive index of 
about 1.38. With respect to the reflection of visible 
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light incident on the coating side of the coated glass 
pane at an incidence angle G of about 65°, this three- 
layer coating reduced the reflectance by only about 
4.3%. This three-layer coating was inferior in durabil- 
ity to the three-layer coatings of Examples 3 and 4. 5 



Claims 

1. A coated glass pane, comprising a transparent 10 
glass substrate (10) and a reflectance reducing 
coating (20) formed on a major surface of the 
glass substrate, the reflectance reducing coating 
consisting of two or three layers of a transparent 
oxide film comprising: 15 

a first layer (22) which is in direct contact 
with said major surface of said substrate, and 

a second layer (24) which is formed as outer- 
most layer in such a way that said first layer is be- 
tween said substrate and said second layer, 20 

characterised in that the first layer has a 
thickness of 70 - 100 nm and a refractive index 
in the range from 1.80 to 1.90, and the second 
layer has a thickness of 110 to 130 nm and a re- 
fractive index in the range from 1.40 to 1.50, the 25 
refractive indices and the thicknesses of the lay- 
ers being such that, with respect to visible light in- 
cident on said coating from the coated side of the 
coated glass pane at an incidence angle in the 
range from 50 - 70°, the reflectance of the coated 20 
glass pane is lower than the reflectance of said 
glass substrate without coating by 4.5 to 6.5%. 

2. A coated glass pane according to claim 1 , where- 
in said first layer of said coating is a mixed oxide 35 
film comprising at least one relatively high refrac- 
tivity oxide selected from Ti0 2 and Zr0 2 and at 
least one relatively low refract ivity oxide selected 
from Si0 2 , Al 2 0 3 and B 2 0 3 . 

40 

3. A coated glass pane according to claim 2, where- 
in said first layer of said coating is a binary oxide 
film formed of Ti0 2 and Si0 2 . 

4. A coated glass pane according to claim 3, where- 45 
in the molar ratio of said Ti0 2 to said Si0 2 in said 

first layer is in the range from 55:45 to 62:38. 

5. A coated glass pane according to claim 2, 3 or 4, 
wherein said second layer of said coating is a so 
Si0 2 film. 

6. A coated glass pane according to any of the pre- 
ceding claims, wherein said glass substrate com- 
prises a color glass sheet. 55 

7. A coated glass pane according to any of the pre- 
ceding claims, wherein said glass substrate is 



laminated. 

8. A coated glass pane, according to any of the pre- 
ceding claims, wherein a third layer (23) which is 
a transparent oxide film is interposed between 
said first and second layer and has a thickness of 
130 - 160 nm and a refractive index in the range 
from 2.05 to 2.30. 

9. A coated glass pane according to claim 8, where- 
in said third layer of said coating is a Ta 2 0 5 film. 

10. A coated glass pane according to claim 8, where- 
in said third layer of said coating is a binary oxide 
film formed of Ti0 2 and Ta 2 0 5 . 

11. A coated glass pane according to claim 8, where- 
in said third layer of said coating is a mixed oxide 
film comprising at least one relatively high ref rac- 
tivity oxide selected from Ti0 2 and Ta 2 0 5 and at 
least one relatively low ref ractivity oxide selected 
from Si0 2t Zr0 2 , AI 2 0 3 and B 2 0 3 . 



Patentanspruche 

1 . Beschichtete Glasscheibe mit einem transparen- 
ten Glassubstrat (10) und einer das Reflexions- 
vermogen verringernden Beschichtung (20), die 
auf einer gnbderen Oberflache des Glassub- 
strats gebildet ist, wobei die das Reflexionsver- 
mogen verringernde Beschichtung aus zwei oder 
drei Schichten eines transparenten Oxidf ilms be- 
steht mit einer ersten Schicht (22), die in direktem 
Kontakt mit der gro&eren Oberflache des Sub- 
strats steht, und einer zweiten Schicht (24), die 
als au&erste Schicht so gebildet ist, dak die erste 
Schicht zwischen dem Substrat und der zweiten 
Schicht liegt, dadurch gekennzeichnet, daa die 
erste Schicht eine Dicke von 70 bis 100 nm und 
einen Brechungsindex im Bereich von 1,80 bis 
1,90 aufweist und die zweite Schicht eine Dicke 
von 110 bis 130 nm und einen Brechungsindex im 
Bereich von 1,40 bis 1,50 aufweist, wobei die 
Brechungsindices und die Dicken der Schichten 
so sind, dad fur sichtbares Licht, das auf die Be- 
schichtung von der beschichteten Seite der be- 
schichteten Glasscheibe mit einem Einfallswinkel 
im Bereich von 50 bis 70° auftrifft, das Reflexi- 
onsvermdgen der beschichteten Glasscheibe urn 
4,5 bis 6,5 % geringer ist als das Reflexionsver- 
mogen des Glassubstrats ohne Beschichtung. 

2. Beschichtete Glasscheibe nach Anspruch 1 , bei 
der die erste Schicht der Beschichtung ein ge- 
mischter Oxidf ilm ist, derwenigstens ein Oxid mit 
relativ hohem spezifischem Lichtbrechungsver- 
mogen, ausgewahlt von Ti0 2 und Zr0 2 , und we- 
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nigstens ein Oxid mit relativ niedrigem spezifi- 
schem Lichtbrechungsvermogen, ausgewahlt 
von Si0 2 , Al 2 0 3 und B 2 0 3l enthalt. 

3. Beschichtete Glasscheibe nach Anspruch 2, bei 
der die erste Schicht der Beschichtung ein bin§- 
rer aus Ti0 2 und Si0 2 gebildeter Oxidf ilm ist. 

4. Beschichtete Glasscheibe nach Anspruch 3, bei 
der das Molverhaltnis von Ti0 2 zu Si0 2 in der er- 
sten Schicht im Bereich von 55:45 bis 62:38 liegt. 

5. Beschichtete Glasscheibe nach Anspruch 2, 3 
oder 4, bei der die zweite Schicht der Beschich- 
tung ein Si0 2 -Film ist. 

6. Beschichtete Glasscheibe nach einem der voran- 
gehenden Anspruche, bei der das Glassubstrat 
eine farbige Glasplatte umfa&t 

7. Beschichtete Glasscheibe nach einem der voran- 
gehenden Anspruche, bei dem das Glassubstrat 
laminiert ist. 

8. Beschichtete Glasscheibe nach einem der voran- 
gehenden Anspruche, bei dem eine dritte Schicht 
(23), die ein transparenter Oxidfilm ist, zwischen 
der ersten und zweite n Schicht angeordnet ist 
und eine Dicke von 130 bis 160 nm und einen 
Brechungsindex im Bereich von 2,05 bis 2,30 hat. 

9. Beschichtete Glasscheibe nach Anspruch 8, bei 
der die dritte Schicht der Beschichtung ein Ta 2 0 5 - 
Film ist. 

10. Beschichtete Glasscheibe nach Anspruch 8, bei 
der die dritte Schicht der Beschichtung ein bina- 
rer aus Ti0 2 und Ta 2 0 5 gebildeter Oxidfilm ist. 

11. Beschichtete Glasscheibe nach Anspruch 8, bei 
der die dritte Schicht der Beschichtung ein ge- 
mischter Oxidfilm ist, derwenigstensein Oxid mit 
relativ hohem spezifischem Lichtbrechungsver- 
mogen, ausgewahlt aus Ti0 2 und Ta 2 0 5 , und we- 
nigstens ein Oxid mit relativ niedrigem spezifi- 
schem Lichtbrechungsvermogen, ausgewahlt 
aus Si0 2 , Zr0 2l Al 2 0 3 und B 2 0 3 , umfaRt. 



Revendications 

1. Panneau de verre revet u, comprenant un subs- 
trat en verre transparent (10) et un revetement 
(20) reduisant le pouvoir reflecteur qui est forme 
sur une surface majeure du substrat en verre, le 
revetement reduisant le pouvoir reflecteur 
consistant en deux ou trois couches d'un film 
d'oxyde transparent comprenant : 



une premiere couche (22) qui est en 
contact direct avec ladite surface majeure dudit 
substrat et 

une seconde couche (24) qui est formee 
5 en tant que couche externe de maniere que ladite 

premiere couche soit entre ledit substrat et ladite 
seconde couche, 

caracterise en ce que la premiere couche 
a une epaisseur de 70-1 00 nm et un indice de re- 
10 fraction compris entre 1 ,80 et 1 ,90 et 

la seconde couche a une epaisseur de 110 
£ 130 nm et un indice de refraction compris entre 
1 ,40 et 1 ,50, les indices de refraction et I'epais- 
seur des couches etant tels que, en ce qui 
15 concerne la lumiere visible incidente sur ledit re- 
vetement d partir du cote revet u du panneau de 
verre revet u d un angle d'incidence compris entre 
50 et 70°, le pouvoir reflecteur du panneau de 
verre revetu soit plus faible que le pouvoir ref lec- 
20 teur dudit substrat de verre sans revetement de 
4,5 a 6,5 %. 

2. Panneau de verre revetu selon la revendication 

1 , ou ladite premiere couche dudit revetement est 
25 un film d'oxyde mixte comprenant au moins un 

oxyde de relativement forte refringence choisi 
parmi Ti0 2 et Zr0 2 et au moins un oxyde de rela- 
tivement faible refringence choisi parmi Si0 2 , 
Al 2 0 3 et B 2 0 3 . 

30 

3. Panneau de verre revetu selon la revendication 

2, ou ladite premiere couche dudit revetement est 
un film d'oxyde binaire forme de Ti0 2 et Si0 2 . 

35 4. Panneau de verre revetu selon la revendication 

3, ou le rapport molaire de Ti0 2 d Si0 2 dans ladite 
premiere couche est compris entre 55:45 et 
62:38. 

40 5. Panneau de verre revetu selon la revendication 
2, 3 ou 4, ou ladite seconde couche dudit revete- 
ment est un film de Si0 2 . 

6. Panneau de verre revetu selon Tune quelconque 
45 des revendications precedentes, ou ledit substrat 

en verre comprend une feuille de verre de cou- 
leur. 

7. Panneau de verre revetu selon Tune quelconque 
so des revendications precedentes, ou le substrat 

en verre est feuillete. 

8. Panneau de verre rev§tu selon Tune quelconque 
des revendications precedentes, ou une troisie- 

55 me couche (23) qui est un film d'oxyde transpa- 

rent, est interposee entre ladite premiere et ladite 
seconde couche et a une epaisseur de 130-160 
nm et un indice de refraction compris entre 2,05 
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et 2,30. 

9. Panneau de vera revetu selon la revendtcation 
8, ou ladite troisieme couche dudit revetement 

est un film de Ta 2 0 6 . 5 

10. Panneau de verre revetu selon la revendtcation 
8, ou ladite troisieme couche dudit revetement 
est un film d'oxyde binaire forme de Ti0 2 et 
Ta 2 0 5 . 10 

11. Panneau de verre revetu selon la revendication 
8, ou ladite troisieme couche dudit revetement 
est un film d'oxyde mixte comprenant au moins 

un oxyde a relativement forte ref ringence choisi 15 
parmi Ti0 2 et Ta 2 0 5 et au moins un oxyde a rela- 
tivement faible refringence choisi parmi Si0 2 , 
Zr0 2 , Al 2 0 3 et B 2 0 3 . 

20 
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